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At The Dayton Power and Light Compan 
for BIG auxiliaries, where reliability comes first 


I THE SPARKLING new O. H. Hutchings Station of 
The Dayton Power and Light Company, Dayton, 
Ohio, you'll see Allis-Chalmers motors at all vital 
points. These motors represent only a part of the A-C 
equipment installed at Dayton, and only a small part 
of the broad line of products Allis-Chalmers builds 
for the electric power industry. 

If you intend to modernize or enlarge your facilities 
remember that Allis-Chalmers motors — in fact all 
A-C equipment for power — offer: continuity of 
operation; a wide range of types and sizes; and low 
maintenance. Call your nearby Allis-Chalmers Sales 
Office, or write direct for more information about the 
equipment shown here. A-3032 


Induced draft fan being driven through hydraulic coupling by 1200-hp Allis-Chalmers, 848-A Ss. 70th St. 
Allis-Chalmers outdoor splash-proof cage motor. Milwaukee, Wisconsin 


Six of these 250-hp cage motors are This 400-hp Allis-Chalmers cage motor is Each condenser furnished with two 250-hp vertical 
used for pulverizer mill and fan drives. driving a forced draft fan. motors and 21,650-gpm pumps... all by A-C. 
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STEAM TURBINE exhaust ring is shown 
being machined. Picture was taken 
through the 96-inch opening of an 
identical ring. Weighing 65 tons each, 
rings are parts of the low pressure 
cylinder for an 80,000-kw, 1,800-rpm 


turbine now under construction. 
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WILLIAM M. TERRY, JR. a 
Development Engineering Section \ 


Allis-Chalmers Mfg. Co. 
Pittsburgh, Pa. 

Author discusses the pros and cons of newly 
developed large gas-filled transformers. 


= \HE RECENT DEVELOPMENT of sealed dry type 
transformers is bringing forth a great deal of interest 

i among transmission and distribution engineers all 
over the country. Probably because they are so new, there 
are some popular misconceptions about the characteristics of 
the units. Our purpose here is to outline these characteristics, 
the advantages and disadvantages of this new class of equip- 
ment, and to point to what we may expect from it in the future. 


First of all, let us define what we mean by “sealed dry type 
transformers.” These are transformers whose core and coil 
elements are hermetically sealed in an inert gas; the gas serving 
as dielectric medium and as a means of dissipating the heat 
losses released internally. Our discussion will be confined to 
sealed dry type transformers 150-kva and larger, although 
conditions and problems are similar for smaller units. 


At the outset, the transformer was an air-cooled device. The 
first oil-insulated transformers made their appearance in the 
1880s and immediately became the standard and accepted 
way of transforming alternating current electrical energy. 
However, in the 1930s, two new types of units made their 
appearance. One of these was in the non-inflammable Askarel 
liquid-filled transformer, and the second, which was not really 
new at all, was the modern Class B insulated, open, dry type 
transformer. Both of these units have been widely accepted 
by the industry and their installed operating record is a suc- 
cessful one. 


The major impetus to both Askarel liquid-filled units and 
Class B dry type installations case is a result of World War II. 
Thousands of expanding war industries required enormous 
amounts of electrical energy. Load center transformers and 
complete package substations became the most practical and 
economical method of bringing energy to the machines. The 
Class B dry type transformer was chosen for many applications 
because it reduced very greatly the chances of explosion during 
fault conditions, and in addition it could be placed most any- 
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Are Here! 


where, even in unprotected locations directly over the heads of 
workers. It also has another advantage over Askarel liquid- 
filled units in that special precautions do not have to be taken 
to vent possible noxious fumes to the outside atmosphere dur- 
ing fault conditions. 

Based on a critical study of the merits and disadvantages of 
Class B open dry type transformers, and on field service records 
of the many thousands of units shipped during the war, trans- 
former engineers turned to the next step in improving trans- 
formers — sealing them completely. This had been standard 
practice for years with instrument as well as with almost all 
small transformers, using an impregnating compound. In the 
large sizes, where heat losses are great, solid impregnation of 
transformers is not practical. 


The use of an inert gas under pressure as a dependable 
insulating medium had already achieved wide acceptance, 
having been used for many years in the construction of high 
voltage cable, transmitting capacitors, turbo-generators, as 
well as in other equipment. Therefore thinking naturally 
turned to the possibilities of using inert gases in sealed trans- 
formers. 


Insulation was the problem 

To make practical use of the advantages of sealed inert gas 
construction it was necessary to have high temperature insu- 
lating materials available. Fortunately, during 1944, silicone 
resins and insulations became available in volume, and pro- 
vided the basic materials to withstand the higher operating 
temperatures of the sealed unit, so that economical and some- 
what similar size and weights could be maintained. Silicone 
resins and their combination with Class C inorganic materials 
are designated as Class H insulations, and defined in the Intro- 
duction to AIEE Standards No. 1. 


At the present time, until more is known about the be- 
havior of Class B material in inert gases at relatively high 
temperatures, only two classes of materials are available to 
choose from. These are Class C inorganic materials comprising 
porcelain, glass, mica, asbestos, etc., and the new Class H 
silicone-inorganic combinations. Silicones are not entirely 
inorganic compounds. Silicon in silicones replaces most of the 
conventional carbon in organic materials, making them act in 
most instances like inorganic compounds, giving them excep- 
tional heat resistance and a measure of mechanical flexibility. 


Until extensive tests have been completed, the tentative 
maximum temperature limit for continuous operation of 
Class H insulations has been set at 180 degrees C by the 
AIEE. To actually determine the aging of Class B and H 
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insulation manufacturers. Aging 
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ula n at atmosphere thus has an advantage. 
The a sre surrounding the insulation is totally non- 
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ority of Class H insulated trans- 
urger will be sealed tank units, 
are directed toward insulation aging and 
gas. Other gases such as the freons and 
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Nitrogen insures long insulation life 
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FIGURE 1 





THIS 300-KVA SEALED nitrogen-filled transformer is installed under- 
ground in an eastern city. Water, mud or dirt will not affect its operation. 
Pressure gauge shows whether tank has remained sealed. 


destructive power factor and insulation resistance measure- 
ments, and for destructive dielectric tests to failure using as 
many test points per assembly as are required. 


To graphically illustrate the effects of aging in air and 
nitrogen, Figures 1, 2, and 3 show graphs of dielectric strength, 
insulation resistance, and power factor, respectively, versus 
aging time in days, of samples aged in air and in dry nitrogen 
at a temperature of 349 degrees C (660 degrees F) for 
periods of time up to 45 days for silicone-treated ‘asbestos 
paper. Tests are still in progress at this temperature and at 
lower temperatures. The 349 degrees C point is used to illus- 
trate that amazing retentions of original characteristics are 
maintained even at such high temperatures. Operation at 
such a high value also greatly accelerates aging. Considering 
Figure 1, the curves show only a 14.5 percent decrease in 
dielectric strength for silicone-treated asbestos aged in nitro- 
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gen, versus a 31 percent decrease in dielectric strength for 
ging in air after 45 days at temperature. Under test, the 
samples are aged in ovens, removed at periodic intervals, cooled 
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» complete our knowledge of insulation characteristics, the 





ic strength must be known in the expected operating 
emperature range. Figures 4 and 5 show how the instantane- 
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us 60-cycle dielectric strength of silicone glass laminate and 
asbestos paper varies with temperatures up to 350 degrees C. 
Dielectric strength is approximately equal to, or- greater than, 





e 60-cycle strength at room temperature throughout this 
nge. Thus in the useful operating range of temperature, Class 
































H insulations exhibit maximum dielectric strength. This is in 
contrast to organic insulations in oil or Askarel, which 
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Increased costs are justified 


silicone insulating resins are several times more costly at 
sent than the organic resins used as a base for Class B in- 
tions. Due to this increased cost of Class C and Class H 
ulation in sealed dry type units, their cost is approximately 
percent higher than Class B insulated types at present. 
expected that as the use of silicones increases, resulting 
ncreased volume of manufacture, costs will undoubtedly 
luced. However, silicones can be economically justified 
in many applications, due to their greatly increased 





ture resistance. 


Design characteristics of sealed dry type Class H insulated 
nsformers differ from conventional Class B insulated open 
ype transformers. Because of the exclusive use of Class C 
Class H insulations, and because the transformer oper- 
es in a sealed inert nitrogen atmosphere where its losses 
lissipated through radiation and natural internal con- 
ve gas flow, both the average copper temperature and the 


ttest spot temperature can be much higher. 
One of the most important design advantages in a sealed 
nsformer is that the original insulation clearances designed 

the transformer are maintained throughout the life of 


taminating atmospheres are eliminated from design con- 

rations. To a transformer designer this is quite an advan- 
ige. In conventional open dry type transformers, insulation 
clearances are based on the premise that a reasonable amount 
f contamination due to dirt, moisture, etc., is to be expected, 
nd that the transformer should continue to operate satisfac- 
orily under these conditions. The term, “a reasonable amount 
f contamination,” has been the subject of widely varying 
nterpretations. Contaminating conditions may sometimes be 

rse than expected and, should trouble develop, the ques- 
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yn may arise whether the design is at fault or whether un- 
sual operating conditions are the cause. In the sealed dry 


— ype transformer, conditions are controlled, as in any sealed 


liquid-filled transformer, and this problem does not arise. 
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impulse strength is same as air 
Dry nitrogen gas at low pressures has approximately the same 
a impulse strength as dry air at atmospheric pressure. There is 
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therefore not too much hope that impulse levels of either 
Class B or Class H insulated dry type transformers will be 
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350 


400 raised appreciably above the present levels as given in ASA 
Transformer Standards, which give an impulse strength of 
50 kv for the 15-kv class dry type units as compared to a full 
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1 applications include their use as 
load center transformers in particularly dirty industrial loca- 

tion and powerhouse auxiliaries where atmos- 
to make the use of open dry 
Location can be made 
nearby personnel, as the core 
id coil elements are hermetically sealed in dry nitrogen, and 

f explosion is completely eliminated. 


rdous. 





withot concern for hazard to 


Of r importance on some jobs is the reduction in 

the open dry type transformer. 
be reduced to a check only of the 
external case and bushings. The windings are completely 
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ive to be removed from the tank throughout the 
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APPROXIMATE WEIGHTS AND DIMENSIONS—TABLES 


pee 


1,000-Kva, Three-Phase, 60-Cycle, 15-Kv Class, 5% Impedance 








Askarel Open Dry Type Sealed Dry Type 
Liquid Filled Class B Class H 
Floor Area Required 80” x 51 152” x 54” 89” x 40” 
He 88 98)” 96” 
Total Weig 18,700 Lbs 13,000 Lbs 12,000 Lbs 








500-Kva, Three-Phase, 60-Cycle, 15-Kv Class, 5% Impedance 








Askarel Open Dry Type Sealed Dry Type 








Liquid Filled Class B Class H 
ea Required 71” x 40’ 133” x 49” 84” x 38” 
71 100” 87” 
1,300 Lbs 7,000 Lbs 8,000 Lbs 








300-Kva, Three-Phase, 60-Cycle, 15-Kv Class, 5% Impedance 








Askarel Open Dry Type Sealed Dry Type 
Liquid Filled Class B Class H 
Floor Area Required 64” x 38 100” x 40” 78” x 36” 
Heigh 66 115” 87” 
Total Weiat 9,300 Lbs 5,500 Lbs 6,500 Lbs 





nension is dimension over high voltage and low voltage bushing 
not include high voltage switch or low voltage network protector. 





life of the transformer. Even the periodic filtering necessary 
in either oil or Askarel liquid-filled units is eliminated. In 
addition, if the unit should be stored or unenergized for a 
period of time, no special precautions other than a check of the 
pressure gauge have to be taken before putting the transformer 
back into service. With the present burden of high labor costs, 





GAS-FILLED TRANSFORMERS are built to withstand dirt, iste and 
other harmful atmospheric conditions. Cover, handhole cover and high 
voltage switch are welded gas-tight to prevent possibility of breathing. 


Floor Area Required: 83” x 44” (Main Transformer) 4514” x 117” (over high 
voltage switch and low voltage throat) 

83” over lifting hooks 

9,000 Lbs Total, including tap changer and high voltege 
switch 





Height: 
Weight: 


No-load tap changer arranged for external operation under sealed pipe 
plug. : 


Radiators: None 
Core: Preferred oriented steel 
Tank: Welded gas-tight 
Gas: Dry nitrogen 

TEST CHARACTERISTICS 
Core Loss: 1,296 Watts 


Total Loss: 4,846 Watts 








Impedance: 9.25 Percent 
Efficiency Full Load: 98.4 Percent 
100% 125% 150% 
Load Load Load 
Average LV Copper Rise .....- 97.2°C 124.8°C 159.8°C 
by Resistance 
Hottest-Spot Copper .......... 109.0°C 145.0°C 189.0°C 
Rise — LV 
Average HV Copper Rise ...... 82.7°C 110.5°C 142.3°C 
by Resistance 
Hottest-Spot Copper .......... 93.0°C 130.0°C 172.0°C 
Rise — HV (Est.) 
Core Temperature Rise ........ 120.5°C 142.0°C 170.0°C 
Top Gas Temperature Rise ..... 69.5°C 89.0°C 113.0°C 
Hottest-Spot External ......... 33.5°C 41.0°C 53.0°C 
Tank Rise : 
Gas Temperature Rise ......... 96.5°C 126.5°C 163.5°C 


Top of HV Ducts 








APPROXIMATE WEIGHTS and dimensions of Askarel liquid-filled, con- 
ventional Class B dry type and the sealed Class H dry type transformers 
reflect the space economies available with the new gas-filled units. 
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PHYSICAL CHARACTERISTICS and test data for a 300-kva, three-phase, 
60-cycle gas-filled transformer show its performance under varying load 
conditions. Transformers can be installed anywhere. 











the sealed dry type transformer with its elimination of special 
handling and reduced maintenance throughout its service life 
should be investigated for future applications where explosion- 
proof and non-inflammable transformers would be required. 


Analyzing the pros and cons 


Figure 6 gives a comparison of losses between sealed dry type, 
open dry type, and Askarel-filled transformers for the 300, 
500, and 1,000 kva sizes. Both core and total losses in the 
sealed dry type are approximately 15 percent greater than 
Askarel-filled losses, as compared to approximately a 24 percent 
increase in total losses for the Class B dry type. The increase in 
losses for both the sealed and ventilated dry type transformer 
is due primarily to the larger insulation clearances required 
for operation in nitrogen or air. 

Table I shows a comparison of dimensions and weights of 
these same three types of transformers. The floor area required 
for the sealed dry type compares very favorably with liquid- 
filled apparatus, while the heights of the sealed dry types are 
approximately 15 inches greater. The tank of the sealed 
dry type is larger than for liquid-filled, but all cooling tubes 
or radiators are eliminated. The plain tank shell will contrib- 
ute to ease of cleaning and painting. The external paint used 
is a special enamel designed to withstand the increased tank 
temperatures of the sealed dry type. The weight of the sealed 
dry type is approximately 70 percent of the total Askarel 
liquid-filled unit weight. The omission of liquid is the main 
contributing factor. 

Insulation clearances are such that if a gas leak should occur, 
and air enter the case, the unit will continue to operate satis- 
factorily without the possibility of failure. A built-in pressure 
gauge provides a quick check on tank tightness. 

The primary disadvantages of the sealed dry type trans- 
former are common to both dry types. The impulse voltage 
strength of the windings is only about 50 percent that of 
liquid-filled apparatus, and necessary protection is required 
to limit incoming voltage surges within safe limits if they do 
occur. In common with all dry type transformer apparatus, 
audio noise levels are greater than for equivalent liquid- 
filled units. 
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FIGURE 6 





Tests show conservative ratings 
To complete the performance picture, actual test data is pre- 
sented in Table II for a typical 300-kva, three-phase, 60-cycle, 
sealed, submersible dry type network transformer with 
12,000-v, delta-connected high voltage and 216-v Y-connected 
low voltage. The transformer is filled with dry nitrogen gas 
to a pressure of 12-pound gauge at 25 degrees C. All insulating 
material used in the transformer is either Class C or Class H. 
The assembled coils are silicone varnish treated in a two-dip 
process. In addition, this transformer is constructed with a 
no-load tap changer, which is operated by removing a pipe 
plug on the top of the unit, operating the connecting mech- 
anism, and replacing the pipe plug, thus resealing the trans- 
former. 

The core loss of the transformer is 1,296 watts with a total 
loss at full load of 4,846 watts, resulting in a full load efficiency 
of 98.4 percent. On heat run at 100 percent load, the average 
low voltage copper rise by resistance was 97.2 degrees C with 
a hottest spot copper rise of 109 degrees as measured by 
thermocouples embedded in the low voltage winding. The 
high voltage winding temperature rises are 82.7 degrees C 
average rise and 93 degrees hottest spot rise. When the load 
is increased to 150 percent the average copper rise of the low 
voltage winding increases to 159.8 degrees C with a measured 
hottest spot rise of 189 degrees. : 

These transformers have been rated very conservatively. 
Operating in an inert atmosphere, it is expected that they will 
be able to carry 150 percent load continuously for a full normal 
transformer life. The hottest spot copper rise at 150 percent 
load exceeds the average rise by only 19 percent. Both high 
and low voltage windings are well ventilated. 

The ability of sealed dry type transformers to carry over- 
loads is expected to be much greater than the Class B insulated 
open dry type transformer, since operation in an inert gas 
excludes oxidation aging of the insulation. 

Inert gas-filled transformers are a new tool for both utility 
and industrial power system engineers. They have distinct ad- 
vantages as well as disadvantages. While they are no cure-all, 
they do offer much promise for the future. 





COMPLETE CORE AND COIL element shows low voltage bus mounted 
on top of core and coil assembly. Porcelain insulators provide minimum 
lead reactance yet maintain ample electrical clearances. 

















of three hydraulic and installed in 1951. Inner surfaces of the inch thick plate are being 
northern Arkansas. ground to insure tightness after spider web bracing is removed and sections 
will be compieted are riveted at site. Balance of joints are all-welded. 

















W. C. SEALEY 
Engineer-in-Charge Design | 










and 


S. L. FOSTER 
Design Engineer 
Transformer Section 
Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 


































“Dream” test floor for large transformers 
eliminates wasted effort and delays. One- 
stop testing speeds production. 


“ ESTING POWER TRANSFORMERS for desired 
characteristics and whether or not they meet guaran- 
tees or are suitable for service is as important as the 
design, construction, and application of such equipment. Be- 
cause they protect both the manufacturer and user, tests must 
be all-inclusive and conducted in a manner and with equip- 
ment which assure accurate, efficient, and uninterrupted testing 


Seam 


Each transformer is tested for the following characteristics 


Ratio Load loss and impedance 
Resistance Heat run 
Polarity High potential 


No-load loss and 


exciting current 


Induced voltage 
Impulse 


These tests are standard and are conducted wherever trans- 
formers are made. The only difference lies in the manner in 
which they are conducted. 

The need for improved test equipment and faster, more 
efficient testing procedures is a direct result of the tremendously 
increased transformer production volume actuated by post-war 
demand. Production methods have been modernized so that 
now even the largest transformers are assembly-line produced 
Testing methods had to be streamlined to keep abreast of 
production. In addition, many power transformers are tested 
in the presence of inspectors representing the user whose 
valuable time must be appreciated and ccnsidered. 


Centralized testing proves best 
Elimination of cumbersome and time-consuming testing pro- 
cedures to match modernized, stepped-up production had been 
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Push Button Testing of 


under consideration for several years. Design, building, and 
application of the needed equipment and technique, however, 
was completed only recently. 

[The new power transformer test floor meets all of the re- 
quirements of transformer production and application (Fig- 


ure | It is arranged so that all tests, except for impulse, can 
be made in one location. The impulse test can be made by a 
short move of the transformer to an immediately adjacent 


location. The test floor is located at the end of the assembly 
aisle, next to the shipping area where transformers are loaded 
on railroad cars for shipment. 

The testing installation provides two identical testing units 
each connected to one end of the test bus. Two vertical, three- 
phase buses permit connecting two transformers to the test 
buses. Air disconnect switches provide for sectionalizing the 
test bus so that two transformers may be tested simultaneously, 
one for each test unit, each of which has its own control desk 
with test unit and meter controls. 


. a 
New method is simple 
lvantages of this type of testing arrangement and procedure 
are evident. Alli tests are completed in one place and in one 
continuous operation without disrupting production. 








Katio tests—When the completed transformer reaches the 
test floor it is first tested for ratio, resistance, and polarity. 
[hese are low voltage, low current tests for which simple 
equipment serves best. The ‘ratio of the power transformer 
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TESTING BUSWORK 
includes latest safety 
features and _inter- 
locks. Test cable ter- 
minals at right are 
inaccessible when en- 
ergized. 


porrenenann 






is determined by applying low 60-cycle voltage to one winding 
ynnecting a voltmeter across the terminals of the other 
Power for this purpose is turnished by a 12-kva, 
0-550-volt continuously variable tapped transformer, the pri- 
of which is connected to the shop supply line. The 
variable voltage transformer, its output leads and connections 
for voltmeters are mounted on the left side of the control 


desk shown in Figure 2 


and Cc 


winding 


mary 


Polarity and resistance test—Polarity of single-phase wind- 
ings may be determined by connecting adjacent terminals of 
the two windings together and connecting a voltmeter across 
The phase relations of a three-phase 
in similar fashion by measuring 


the other two terminals 


is determined 





transfo 


V oltages between terminals 


The resistance of a transformer winding is measured by the 
ial method using a d-c ammeter and voltmeter 
a power source. It may consist of either of two different 
batteries with a rheostat in series for adjusting the 

One is a 150-volt battery used to deliver currents up 
nperes, the other is a 6-volt battery for currents up to 
100 amperes. The constant voltage of a storage battery makes 
a power source for resistance measurements. This 
also be used for determining transformer 


drop of potent 
and 
storage 
current 


to 20 a! 


it ideal as 





equipment I 


d-c method. 


polarity by 





Testing equipment for no-load loss, exciting current, load 
loss and impedance measurement requires a kva rating which 
as 20 percent of the kva rating of the trans- 
tested. The no-load loss test requires a voltage 
equal to rated voltage of the transformer. The load loss test 
current equal to the rated current of the trans- 
former. The common range in voltage required is from 100 
to 100,000 volts while the common current range is from 
The lower voltages and higher currents 
No-load tests require higher 


may 


be as large 


rormer peing 


requl res 


UU amperes 
are needed for load loss tests. 


lower currents 





voltages 


Interlock switches vary connections 

The adjustable voltage power source for testing transformer 
one of several a-c generators, the largest of which 
is rated 40,000 kva, 3 phase, 60 cycles, 13,800 volts. Any one 
of the testing generators may be connected to a test unit by 
air disconnect switches located on the test floor. These switches 
are interlocked to prevent two machines from being thrown 


kc ISSCS 1S ally 


on the same bus simultaneously. 
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shipping areas to provide uninterrupted production. 
has reduced test set-up time by 60 percent. (Figure 2) 


The test unit is an oil-filled tank containing motor-operated 
switches and instrument transformers. Two of the motor- 
operated switches operate to connect the low voltage side of 
three 5,000-kva, single-phase testing transformers to a gener- 
ator and the high voltage side of the testing transformers 
to the testing buses mounted on the wall of the test floor. 
The following connections between testing transformers, gen- 
erators and buses are obtained by these two switches: 


1. Generator to bus with no testing transformer windings 
in the circuit. 

2. Low voltage windings of testing transformer in delta to 
generator; high voltage windings of testing transformer 
in delta to testing bus. 

3. Low voltage delta to generator; high voltage Y to test- 
ing bus. 

4. Low voltage Y to generator; high voltage delta to test- 
ing bus. 

5. Low voltage, single-phase, two transformers in parallel 
to generator; high voltage, single-phase, two trans- 
formers in parallel to testing bus. 

6. Low voltage, single-phase, two transformers in parallel 
to generator; high voltage winding two transformers 
in series to bus. 


The rated full capacity voltages of the low voltage windings 
are: 2,300/4,600/9,200 volts. The rated full capacity voltages 
of the high voltage windings are: 13,750/27,500/55,000 volts. 
The low voltage and high voltage windings of each transformer 
are brought out of the case through eight bushings each. Plug- 
type connectors on the bushings are used to obtain these series 
parallel voltages, and since the maximum current for any plug 
is approximately 500 amperes, the plugs are small enough for 
convenient changing of connections. 


By use of the motor-operated switches and series parallel 
plug connections of the high voltage windings, the following 
three-phase voltages may be obtained on the test buses when 
9,200 volts is supplied by the generator to the incoming side 
of the test unit: 

95,260 volts 
55,000 volts 
47,630 volts 
31,750 volts 
27,500 volts 


23,815 volts 
15,875 volts 
13,750 volts 
9,200 volts 
7,940 volts 








OPERATING EQUIPMENT is centrally located to eliminate wasted motion 
in transformer testing. Test facilities are between assembly floor and 
Uni-directional flow 
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CONTROL BOARD condenses testing and control equipment so that it 


can be operated conveniently from one position. All instrument and power 


transformer connections are indicated for immediate observation. 


Phantom 


diagram identifies test and control apparatus. (Figure 3) 


Field rheostats adjust generator voltage 
Voltages in between these voltages and lower voltages may 
be obtained by adjusting the generator field rheostats. (See 
Figure 1.) Still lower voltages may be had by connecting the 
generator windings for lower voltages and by adjusting the 
field rheostats. In order to provide a wide range of adjust- 
ment of generator voltage with vernier control of voltage, 
field rheostats having the following ohmic resistance and 
numbers of steps are used: 
1.25 ohms 60 steps 20 ohms 
4 ohms 60 steps 64 ohms 
At the lowest generator voltage all rheostats are in the 
circuit. The voltage is adjusted to a slightly lower value than 
required, using the rheostat of highest resistance, and then 
increased to the exact desired voltage, using the 1.25-ohm 
rheostat as a vernier. This provides smooth control without 
the necessity of a fine touch on the rheostat handle. 


124 steps 
124 steps 


The outgoing leads to the test unit are connected to test 
buses through air disconnect switches. Flexible cable con- 
nections are made from the test buses to the bushings of the 
transformer being tested. 

The test unit also houses the oil-immersed current trans- 
formers connected in series with each of the output leads of 
the test unit, as shown in Figure 1. The following ratios are 
provided by the current transformers: 


a 50 } 

1.5 150 

5 500 to 5 
15 1500 


The current transformer ratio is changed by a motor- 
operated tap changer which, if desired, may be operated under 
load. The tap changer is controlled from the control desk. 
When used with a 5/10 ammeter a reading of at least 60 
percent of full scale is obtained for the full range of current 
from .3 to 3,000 amperes. 


Potential transformers (Figure 1) having the following 
ratios are also immersed in oil of the testing unit: 


60,000 3,000 
18,000 1,500 to 150 volts 
9.000 750 


These voltages are selected by means of the motor-operated 
switch controlled from the control desk. When used with a 

/150/300 voltmeter, a reading of at least 60 percent of 
full scale is obtainable for voltages ranging from 45 volts to 
60,000 volts. Two potential transformers may be connected 
in series for a voltage of 120,000 volts, single phase or by 
iddition of an external potential transformer, three-phase 
voltages up to 104,000 volts may be measured. 

The current transformers and the potential transformers 
are made with close metering accuracy (R.C.F.=less than 
15 percent) to insure accuracy of the loss measurements. 
The current transformers are connected in series with the out- 
put leads of the testing unit by a motor-operated tap changer. 
The terminals of the potential transformer are brought out 
through three bushings for connection, either to the output 
terminals of the test unit or, when conditions require, for 
connection directly to terminals of the transformer under test. 


Testing controls conveniently grouped 

The control switches for the motor-operated switches of the 
test unit are located on a desk which is provided with light 
position indicators. Meters are mounted on the flat portion 
of the control desk while terminals for meter connections, 
position indicator lights and switches to change the range of 
ammeters, voltmeters and wattmeters are located on the verti- 
cal panel of the desk. Rheostat handles for controlling the 
generator fields are set on the front of the control desk below 
the flat portion, which also supports the handle for operating 
the tap changer of the auto transformer to provide voltage 
adjustment for ratio measurement. Figure 3 shows the ar- 
rangement of the various testing elements. 

The only manual connections to be made for loss tests are 
those to the transformers being tested. Such a test unit is 
particularly advantageous when a large number of impedance 
measurements must be made on transformers with a large 
number of taps, although it is a time-saver on any job. 
Heat run tests—The test setup for short-circuit heat runs is 
exactly the same as for impedance tests except that the current 
supplied is greater than full load current. 

High potential and induced voltage tests—Two 250-kv 
testing transformers connected in cascade are used to supply 
voltages up to 500 kv for high potential tests. As shown in 
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Figure 1, they are located immediately adjacent to the testing 
bus structure for convenience in making connections. The 
power for induced tests at 200 cycles is supplied from a 
500-kva m-g set which can be connected to the incoming 
lines of the test unit, the same as the 60-cycle generators. 
For voltages up to 120 kv, induced voltage is applied through 
the 5,000-kva testing transformers in same manner as for 
loss tests. The higher voltages of 200-cycle power is applied 
through the 500-kv testing transformers. 

Impulse tests—The three million-volt impulse testing equip- 
ment is located adjacent to the remainder of the test floor 
(Figure 4) 

As an example of the facility of this test equipment the 
following typical example of a test on a large power trans- 
former is given. The rating of the transformer to be tested 
is 40,000-kva, three-phase 138,000 volts grounded Y to 13,200 
volts delta. The high voltage winding has 15 percent regu- 
lation by means of load-ratio-control equipment. 


Check connections first 

Before any other tests are made it is necessary to insure that 
the transformer windings are properly connected and have the 
proper ratio. The connection diagram and voltage ratios are 
given in Figure 5. A light three-wire insulated cable is run 
from the outlet studs of the 550-volt variable transformer to 
the high voltage bushings of the transformer. A pair of test 
leads are connected to studs at the end of test booth to bring 
the measuring voltage to permanently-wired meters on the 
Readings taken to check the ratio of the 
transformer are shown in Figure 6. 


control test desk. 


A constant voltage is held on the high voltage side rather 
than any attempt being made to hold a constant voltage on 
the low voltage side as shown on connection diagram, since 
the test can be made more easily in this manner, and the ratio 
checked by the engineers will reveal the turn ratio the same 
as if constant voltage were held on the low voitage. 

In order to check the phase relations of high and low volt- 
age windings the bushings H, and X, are connected together 
and the voltage applied to H,-H2-Hs3 as before. Voltage 
7) indicates that the phase relation of the 
windings is as shown in Figure 5. 


reading (Figure 


While the transformer is still at room temperature and no 
appreciable current has been passed through the windings to 
heat them, the cold resistance of the windings is taken. 

Leads from the output studs from the battery circuit are 
connected to the bushings of the winding to be tested. Test 


IMPULSE TEST equipment can be used for tests up to three million volts. 
It is adjacent to the 60-cycle test apparatus. (Figure 4) 








































leads are also connected to these bushings to measure the d-c 
voltage. These test leads are connected through a set of studs 
at the end of the control booth to a multi-ratio d-c voltmeter. 
An ammeter is permanently connected in series with the 
battery so that the d-c current can be measured. Figure 8 
shows measurements made after the current was adjusted to a 
convenient value. 

The rheostats in series with the battery allow the current 
to be set at different values for checking the measurement. By 
taking three points a very good check upon the accuracy of 
the testing is obtained. 


Set-up eliminates delays 


After the resistance and ratio have been taken with the light 
line directly from the control desk, the heavier cables from the 
output of the test unit are connected to the transformer. For 
the no-load loss test the cables are connected to the low voltage 
bushings of the transformer. The test unit is set for a delta- 
delta connection of the 5,000-kva testing transformers and the 
transformers connected 2,300 low voltage and 13,750 high 
voltage so that the test could be made from a 2,300-volt testing 
generator. The motor-operated ratio switch on the potential 
transformer is set for 120:1 ratio. Since the exciting current 
of this size power transformer is usually less than three percent 
(or 52.5 amperes for this transformer), a 50:5 ratio is 
selected on the current transformer selector switch. 

The field of the generator is reduced to a low value so as 
to bring the voltage up gradually at first. The air disconnect 
switches are closed to place the generator on the input bus 
to the testing unit and the air disconnect switches are also 
closed to connect the transformer under test to the ouput of 
the testing unit, as shown in Figure 1. The final connection 
is closed by a remotely controlled oil circuit breaker on the 
input of the testing unit. This is closed by the operator from 
a control switch on the control desk. 


TRANSFORMER 


40,000 KVA THREE-PHASE 
H WINDING 138,000 Y VOLTS 


es76se32) | 
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rating and connec- 
tions of a 40,000-kva, 
3-phase, 60-cycle unit 
tested with new test 
equipment. (Fig. 5) 
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After this breaker has been closed the voltage is raised on 
the transformer by increasing the field of the generator with 
the manually-operated field rheostats in the control desk. Test 
was started when about 80 percent of full voltage was reached 
Measurements made from the meters on the control desk 
which are permanently connected to the potential and current 
transformer of the test unit, are shown in Figure 9. 


The next test is to determine the load losses and impedance 
of the windings. For this test the lines from the test unit 
output bus are connected to the high voltage bushings of the 
transformer, and the low voltage buskings shorted. The current 
transformer ratio is set for 500:5. The calculated value of 
impedance is approximately 11 percent, therefore the voltage 
required will be about 14,500 volts. In order to get this 
voltage without overexciting the generator, the test unit is 
changed to delta-wye connection. This would rise to a maxi- 
mum of 23,800 volts when the generator is fully excited 
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o of the potential transformer, which has a maximum of 
8,000 volts with 150 volts on the secondary, is maintained 
A process similar to that described in the no-load 
tests is followed except that the parameter of testing is 
As shown in Figure 10, the values given are values 
en to give the load losses. 


20:1. 


rrent 


New heat run method saves time 
After the impedance test has been made the same connections 
be used for the short circuit heat run. The total maximum 
losses, load loses on the position giving maximum loss plus 
1e no-load loss, are calculated and the tap position for this 
thermometer must be inserted into the top of the trans- 
former in a position over the outlet of the cooling ducts from 
the coils so as to measure the maximum top oil temperature. 
Permanent temperature measuring devices, thermal relays, 
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nd hot spot indicators must be connected so as to be checked 
during the heat run. 

[he transformer is energized in the same manner as for the 
impedance test except that the current is adjusted to a value 
where the total maximum watts as calculated are measured 
by the wattmeters. This value of watts is held until a constant 
oil temperature is reached. All radiator valves are closed 
proximately 50 degrees oil rise is reached, the valves 


until ip 








re then opened and oil temperature allowed to become con- 
stant, see Figure 11. Thus, the time required to reach the 
constant condition can be reduced to about one-third of normal. 

[The method of closing radiator valves, or leaving water cool- 
ing off on water-cooled transformers, is preferred over extra 
overloading since no excessively high hot spot temperatures 
are created in the winding. The ambient temperature is taken 
by having a jar with oil in it placed near the transformer 
where it will be subject to similar room temperature changes. 

When the oil temperature has reached a constant value, the 


current in the windings is reduced to normal current on that 
connection and the current is held for one hour. At the end 
of this time the load is removed and resistance of the windings 
measured immediately 

Values of volts and amperes measured to determine the hot 
resistance of the transformer are shown in Figure 12. 


Tests grouped for convenience 
If impulse tests are to be made the transformer is moved to a 
position where it may be connected to the surge generator 
and tested. Low frequency voltage tests may be made follow- 
ing impulse testing 

Che applied insulation test to ground for the low voltage 
winding is 34,000 volts. The testing unit is set for a single 
phase connection with high voltage and low voltage of two 
transformers in parallel. The testing transformer connections 
are made for 2,300 low voltage and 55,000 volts high voltage. 
This is applied by connecting the low voltage bushings of the 
transformer being tested together and to one testing bus. 
The other bus is connected to the case of the transformer and 
grounded. The potential transformer ratio selector is set for 
60,000 to 150 volts. 





The power is supplied from the same generator used for 
no-load and load loss tests. The voltage is raised to 34,000 
volts for one minute and reduced gradually to normal voltage 
before the breaker is opened. 

The high voltage winding applied voltage test to ground or 
neutral test for this transformer was 95 kv. One step of the 
500,000-volt cascade test set is used for this voltage. 





The power is supplied from the same 2,400-volt generator 
through interlocked air disconnect switches to the input of 
the high potential test set. A remotely-controlled oil circuit 
breaker is supplied on this input to protect the set and permit 
instantaneous opening of the circuit when sphere gap flash- 
overs are used for calibration of the set, or in case of break- 
down of the transformer under test. The controls for this 
breaker are located on the control desk, see Figure 3. The 
test unit is not energized for this test. 

[he measuring potential is supplied from a special potential 
transformer located at the input of the high potential test set. 
The secondary of this potential transformer is permanently 
1 to a particular voltmeter on the control desk which is 
used for this test exclusively. The high voltage line and 
neutral bushings are connected together and a 500-mm sphere 





wired 






gap is used in parallel with the winding to ground. All are 
connected to the high voltage bushing of the high potential 
test set. 

The sphere gap is set for 50 mm. The disconnects are closed 
and the voltage raised until the sphere gap flashes over. 
Tne input voltage to the test set is read at the value for gap 
flashover. The sphere gap is flashed over three times and the 
average of the three meter readings taken. The sphere gap is 
opened to 70 mm but left in the circuit for protection. Voltage 
is raised to the average value previously taken and held for 
one minute. 


Modernized testing is flexible 

A full 275-kv applied test cannot be made on the high voltage 
winding because of reduced insulation at the neutral end of 
the winding. Instead, the induced voltage test is increased, 
from twice normal, to give 275 kv from each line bushing to 
ground. Provision is made during construction for opening 
the delta connection on the low voltage winding so that this 
test can be made single phase. In order to make it, approxi- 
mately 45,000 volts must be applied across the low voltage 
winding. Since this is more than the applied voltage test on 
the low voltage winding, voltage to ground must be kept under 
34,000 volts. This is accomplished by using the single-phase 
connection of the test transformers in series, and the low volt- 
age windings of these two test transformers in parallel. The 
midpoint between the two high voltage windings is grounded. 

Transformers are connected 2,400 to 27,500 volts. Poten- 
tial transformer connection is made across one transformer to 
ground and set for 60,000: 150 volts. The 200-cycle, 2,400-volt 
testing generator is connected through its set of air disconnect 
switches to the input of the test unit. The ouput leads from 
this single-phase connection on the test unit are connected to 
one phase of the transformer under test. 

Field rheostats in the control desk can be switched to the 
field current of any of the generators used for test. The 500 mm 
sphere is connected to the line bushing of the high voltage 
winding of the same phase and the neutral bushing grounded. 
The sphere gap is set for 161 mm and the voltage is raised 
until the sphere gap flashes over. This is repeated to get three 
flashover points to average after which the gap is then opened 
to 201mm. The average voltage measured is held for 36 
seconds. The same procedure is repeated for each phase. 

The transformer can now be approved for shipment since 
it has met its loss, impedance, and heating guarantees and 
passed ratio and voltage tests showing that it is fit for service. 

It will be noted that only the connecting required during the 
whole testing is to connect the transformer to the test unit, 
surge generator, and high potential test set. All other con- 
nections are made by air disconnects, motor-operated selector 
switches, or control switches on the control desk. 

Modernized test facilities achieved the desired reduction in 
transf-rmer production time and have simplified testing pro- 
cedure. Older schemes, which provided generator connections 
to the test floor and used portable potential and current trans- 
formers, required the test operator to spend approximately 
90 percent of his time in making connections and only about 
10 percent of his time actually making tests. By standardizing 
equipment and test connections so that all connections, except 
those from the test buses to the transformer, can be made by 
motor or hand-operated switches, the proportions of set-up 
to operating time have been reduced to approximately 40 
percent connecting and 60 percent testing. time. 


LARGEST 3,600-RPM MOTORS ever built for boiler feed pump service 
are being readied for shipment to a Midwest utility. Rated 3,500 hp, 
units are the largest two-pole squirrel-cage induction motors built to date 
and will drive the world’s largest boiler feed pumps. This powerhouse 
project, when completed, will use five of these motors. 
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Proper phasing out procedure is essential 
to safety of personnel and switchgear. 


f° “ ONNECTION OF A THREE-PHASE 
power circuit or a three-phase generator to a switch- 
XA gear unit is not merely a matter of establishing cable 
connections between the phases of the circuit or machine and 
three primary terminals of the switchgear unit. Before final 
electrical cable connections between a generator, or any other 
electrical power source, and switchgear terminals are made, 
and before closing a circuit breaker to connect a source to the 
bus, reliable methods of determining proper connections 
should be employed so that the phase sequence of the poten- 
tials delivered from the power source to the switchgear termi- 
nals and bus will be correct. 


incoming 


LARS 


Phase sequence, also referred to as phase rotation, is the 
order in which positive voltage peaks occur on respective in- 
dividually identified electrical conductors energized by a poly- 
phase source. 

Individual phase busbars of buses in modern three-phase 
switchgear are identified by the numerals 1, 2, and 3 to indicate 
the sequence in which the positive voltage peaks occur on 
the respective busbars when one or more generators, or other 
sources of three-phase power, have been correctly connected 
to the switchgear. Terminal blocks for secondary circuits of po- 
tential transformers and current transformers are also marked 
with the numerals 1, 2, and 3 to indicate the sequence in 
which the respective phase voltages and currents reach positive 
peaks in the secondary circuits of the instrument transformers. 
These numerals also indicate the phase relations between the 
high voltage circuit and the secondary circuits of the instru- 
ment transformers. 


The same numerals, 1, 2, and 3, are also used in switchgear 
arrangement drawings to show the physical locations of the 
respective phases of the terminals for incoming and outgoing 
primary circuits. In switchgear wiring diagrams, the numerals 
1, 2, and 3 are used to identify the phase wires of all instrument 
transformer secondary circuits throughout their connections to 
switchboard devices such as instruments, meters, relays, and 
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SWITCHGEAR 
CONNECTIONS. 





generator voltage regulators. Although many of these devices 
will operate properly if the phase sequence of voltages and 
currents delivered to them is reversed, others will function 
incorrectly under such conditions. 


As an example, a generator voltage regulator for a generator 
operated in parallel with one or more other generators will 
not function properly if the phase sequence established in the 
switchgear is reversed relative to the intended phase sequence 
on which the switchgear manufacturer’s wiring was based. 
In such a case the regulator's cross-current compensating fea- 
ture, which normally stabilizes the regulator and automatically 
prevents cross currents between generators, will have an oppo- 
site effect and create dangerously high cross currents between 
the generators. Other switchboard devices, such as certain 
instruments and relays, will not function properly if the phase 


sequence is reversed. 


Phase out, then operate 

The three main terminals of a three-phase generator are 
marked T1, T2, and T3, and when three additional terminals 
are provided to enable making the neutral connection between 
the windings of the generator outside of the generator, they 
are marked T4, T5, and T6. The six terminals are so marked 
that one-phase winding is connected between terminals T1 
and T4, another between terminals T2 and TS and the third 
one between terminals T3 and T6. The terminal markings 
T1, T2, and T3 do not necessarily indicate the phase sequence 
at the generator terminals. In accordance with standard rules 
the phase sequence at the generator terminals may be either 
T1-T2-T3 or T3-T2-T1, depending upon the direction of 
rotation of the generator and the physical location of the 
terminals on the machine. 


Although the terminal locations identified by the numbers, 
and the phase sequence in terms of terminal numbers are 
shown on the generator manufacturer's drawings, it is highly 
advisable, and generator mariufacturers recommend, that 
phasing-out tests be correctly and carefully carried out before 
putting a generator on the line for the first time. In view 
of the serious consequences which could result from errors it 
is certainly wise to perform the phasing-out tests properly. 


An old method of checking the phase relations between a 
generator and a live bus consists of temporarily connecting 
several spare potential transformers of suitable ratio and three 
lamps as indicated in Figure 1 or Figure 2. In this method 
the generator is brought to approximately rated voltage and 
frequency and the actions of the three lamps are observed. 
Since the generator frequency will not match the bus frequency 
exactly, each of the lamps will vary periodically between full 
brilliancy and complete darkness. 

If all three lamps go through their cycles of brightness and 
darkness in unison the generator phase sequence as delivered 
to the switchgear matches the phase sequence on the bus. If 
the three lamps do not go through their cycles of brightness 
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THESE CONNECTIONS for phasing out 
switchgear use four spare potential 
three transformers and three lamps. As in 
indi- Figure 1, no indication of phase se- 
quence is given. (Figure 2) 
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PHASING AND TESTING device is inserted into a standard circuit breaker 
switchgear to permit operator to make connections to both bus and line 
terminals. Device shown is not energized. The three top doors lead to bus 
phases, while the bottom doors lead to line circuit phases. 


of the first two forms connection to a three-phase potential 
source will cause one of the two lamps to burn brightly and 
the other to burn dimly or go out completely. Phase sequence 
1-2-3 will cause one lamp to burn brightly and phase sequence 
3-2-1 will cause the other lamp to burn brightly. In the 
rotating disc form of phase sequence indicator the disc will 
rotate in one direction to indicate a phase sequence of 1-2-3 
and in the other direction to indicate a phase sequence of 
3-2-1. 
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PHASE SEQUENCE on a bus can be 
checked by using a phase sequence 
indicator connected to the secondary 
circuit of a set of two open delta-delta 
bus potential transformers. (Figure 4) 


PHASE SEQUENCE INDICATOR of the 
lamp and reactor type connected as 
illustrated above is used on the second- 
ary circuit of a three-phase set of 
potential transformers. (Figure 3) 












If a commercial phase sequence indicator is not at hand, 
a reliable phase sequence indicator can be made quickly and 
easily from readily available component parts. A connection 
diagram of such an indicator is shown in Figure 3. The two 
lamps are identical 110 to 120-volt incandescent lamps of 
three to ten watts capacity. The iron core reactor can be the 
potential coil of a watthour meter or relay, the primary wind- 
ing of a bell ringing transformer (the secondary is left open 
circuited) or a filter reactor of the type used in small radio 
receivers. The lamp check switch can be any normally open 
push-button or small switch. This device is suited for use on 
the secondary circuits of potential transformers but may be 
adapted for use on 240 or 480 volts by connecting one or 
more additional 'amps, or a suitable resistor, in series with 
each of the lamps shown in Figure 3. 

The phase sequence indicator of Figure 3 is used by con- 
necting its terminals 1, 2, and 3 to a three-phase source of 
potential, momentarily closing the lamp check switch to check 
both lamps and then observing the relative brilliancies of lamps 
L1 and L2 while the lamp check switch is open. One lamp 
will burn brightly and the other will burn dimly, or not at 
all. If L1 is the bright lamp, the phase sequence on terminals 
1, 2, and 3 of the device is 1-2-3, and if L2 is the bright lamp 
the phase sequence is 3-2-1. 


Testing methods vary 

When preparing to energize switchgear by connection to it 
of the first generator or incoming line, the phase sequence 
indicator is connected to a set of bus potential transformers 
as indicated in Figure 4 or Figure 5. In Figure 5, about 200 
volts will be applied to the phase sequence indicator so it will 
be necessary to use the 220-volt terminals of commercial lamp 
type indicators or to add lamps or resistors to the indicator of 
Figure 3, as previously described. The full line connections 
of Figure 5 are applicable when three potential transformers 
connected in wye-wye are used. Dotted line connections are 
applicable when two potential transformers connected in 
partial wye-wye are used. 

After the phase sequence indicator has been connected, the 
bus is energized from the first generator, or incoming line. 
The phase sequence indicator is observed and, if the connec- 
tions of the first power source to the switchgear are correct, 










































































DIAGRAM ILLUSTRATES connections 
of a phase sequence indicator to wye- 
wye and partial wye-wye connected sets 
of bus potential transformers. (Fig. 5) 


























ARRANGEMENT SHOWN above is for 
connections of a phase sequence indi- 
cator to an open delta-delta set of gen- 
erator potential transformers. (Fig. 6) 


the phase sequence will be indicated as 1-2-3. If the phase 
sequence is indicated as 3-2-1, two of the three cable con- 
nections must be interchanged somewhere between the termi- 
nals of the source and those of the switchgear. After the 
change in connections the phase sequence indicator should 
be observed again to confirm that the phase sequence has 
been corrected. 

If the interchange of cable connections has been made 
within the zone of protection of differential relays, a corre- 
sponding change must be made in the connections to the 
secondaries of current transformers serving the differential 
relays. If the source circuit is provided with synchronizing 
facilities, the synchroscope should be checked by closing the 
synchronizing switch while the bus is energized from the 
Under these conditions the synchroscope pointer will 


source. 

position itself at the “12 o'clock” or “zero degrees” mark on 
the synchroscope dial, if the synchroscope is in operative con- 
dition and the synchronizing wiring has been correctly con- 
nected 


Generator-switchgear testing is complex 

When phasing out connections between a ‘generator and 
switchgear which is energized by a previously connected 
source, the procedure involves a few more steps. After the 
generator has been connected to the switchgear in accordance 
with the intended bus phase sequence indicated in the switch- 
gear manufacturer's drawings and the generator phase sequence 
indicated in the generator manufacturer's drawings, and the 
neutral current transformer secondary circuits for the differ- 
ential relays have been connected to the proper terminal block 
in the switchgear in accordance with the switchgear manu- 
facturer’s drawings, the following step-by-step phasing out 

cedure should be completely and rigidly carried out. 


Mark the generator cables at the generator to indicate 
which ones of terminals T1, T2, and T3 each of the 
cables is connected to and then disconnect the gener- 
ator cables from terminals T1, T2, and T3. Securely 
brace these cables apart so that they cannot become 
short-circuited or grounded. In some instances it may 
be more convenient to disconnect the neutral con- 
nections from generator terminals T4, T5, and T6 in 



















































































DIAGRAM SHOWS connection of a 
phase sequence indicator to a wye-wye 
or partial wye-wye set of generator 
potential transformers. (Figure 7) 
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CONNECTIONS OF PHASE sequenc 
indicator are for comparing phase sé 
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place of disconnecting the cables from terminals T1, 
2, and T3 

Connect a phase sequence indicator to the secondary 
erminals of the generator potential transformers, as 
ndicated in Figure 6 or Figure 7. Figure 6 applies 
where two potential transformers are connected in 
7 applies where potential 
ransformers are connected wye-wye. In the latter 
case about 200 volts will be applied to the phase 
sequence indicator. Suitable provision must be made 
for this voltage, as previously explained. The full-line 
connections of Figure 7 are applicable when three 
potential transformers connected in wye-wye are used 
und the dotted line connections are applicable when 
two potential transformers connected in partial wye- 
wye are used. When the phase sequence indicator has 
once been connected it should be left connected until 


ull tests have been completed. 


open delta-delta and Figure 


Rack the circuit breaker into normal position and close 
he circuit breaker to put bus potential on the gener- 
ator potential transformers and, hence, on the phase 
sequence indicator 

Observe the phase sequence indicator to determine 
the phase sequence on the bus. If the first generator 
wr incoming line to be put on the bus was correctly 
phased out the phase sequence will be indicated as 


Close the synchronizing switch to check the synchro- 
scope and the synchronizing wiring. If the synchro- 
scope is in operative condition and the synchronizing 
wiring has been correctly connected, the synchro- 
scope pointer will position itself at the “12 o'clock” 
zero degrees” mark on the synchroscope dial and 
also the synchronizing lamps will be dark. If the syn- 
chroscope does not indicate properly, it should be 
repaired or the synchronizing wiring corrected before 
proceeding further. The synchronizing switch should 
be left on for only relatively short periods and should 
be turned off when the synchroscope has been checked 
satisfactorily. 
Open the generator main circuit breaker and lower 
the same to disconnected position. 


Connect the generator cables to generator terminals 
T1, T2, and T3 in the same positions they occupied 
before they were disconnected in step 1. 

Start the generator and bring it up to approximately 
its rated voltage and speed. 


Observe the phase sequence indicator to determine 
whether or not the phase sequence when energized 
from the generator is the same as the phase sequence 
when energized from the bus, as observed in step 4. 
If the phase sequence is the same, the generator is 
properly connected to the switchgear and ready to be 
synchronized in on the bus. If the phase sequence is 
different than observed in step 4, the generator is in- 
correctly connected and the procedure outlined in 
step 10 and step 11 must be carried out. 

If the phase sequence observed in step 9 is reversed 
relative to the phase sequence observed in step 4, shut 
down the generator and interchange the generator 
cables connected to any two of the generator terminals 
T1, T2, and T3. Then repeat step 8 and step 9 to 
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confirm that the phase sequence at the switchgear ter- 
minals has been corrected. 

11. Interchange the secondary wiring of the two of the 
neutral current transformers which are connected in 
phases corresponding to the generator cables which 
were interchanged in step 10. For example, if the 
main cables on generator terminals T1 and T2 were 
interchanged, the secondary wires on current trans- 
formers associated with generator terminals T4 and 
TS must be interchanged. 

12. After steps 1 to 9, inclusive, and steps 10 and 11 have 
been completed, the phase sequence indicator may be 
disconnected and the generator circuit breaker may be 
racked into normal position and synchronized in on 
the bus in accordance with standard operating pro- 
cedure. 

In phasing out 220, 440, or 550-volt equipment the same 
step-by-step procedure may be used if potential transformers 
are included in the switchgear. If potential transformers are 
not included, the phase sequence indicator may be used as 
indicated in Figure 8. 


Indicator shows phase sequence 

In using the method indicated in Figure 8 the phase sequence 
indicator is first connected to the bus terminals of the circuit 
breaker, as indicated in full lines, to determine the phase 
sequence on the bus. Then the phase sequence indicator leads 
are shifted to corresponding generator terminals of the circuit 
breaker, as indicated in dotted lines, and the generator is 
brought up to approximately rated voltage and speed for the 
purpose of determining whether or not the generator phase 
sequence as it appears at the circuit breaker terminals matches 
the phase sequence on the bus. If it does not, steps 10 and 
11 of the foregoing step-by-step procedure must be carried out. 

To check the synchroscope and synchronizing wiring in 
low voltage installations disconnect the generator cables from 
either the switchgear terminals or the generator terminals, 
close the circuit breaker and the synchronizing switch and 
note whether or not the synchroscope pointer positions itself 
at the “12 o'clock” or “zero degrees” mark on the synchroscope 
dial. When the generator cables are disconnected from the 
generator terminals, the cables must be braced apart so that 
they cannot become short-circuited or grounded. 

In both cases care must be taken to mark the cables so 
that they may be reconnected to the same respective terminals 
from which they were removed. When the synchroscope has 
been checked and found to be in operative condition and 
properly connected, open the synchronizing switch, open the 
circuit breaker and reconnect the cables to the same respective 
switchgear or generator terminals from which they were dis- 
connected. 

After the phase sequence of the generator and the bus, as 
they appear at corresponding terminals of the generator circuit 
breaker, have been found to match and the synchroscope and 
synchronizing connections have been found to be correct the 
generator circuit breaker may be synchronized in on the bus 
in accordance with standard operating practice. 

These methods of establishing correct connections between 
electrical apparatus and switchgear will be found advantageous 
over other methods from the standpoints of accuracy and 
reliability of results, need for a minimum of simple test 
equipment, and the minimizing of hazards to both men and 
apparatus. 
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The question of adding inertia to hydraulic 
turbine synchronous generators is reviewed 
in the light of modern high speed switching. 





‘. HE SPEED REGULATION requirements of hy- 
draulic turbines driving synchronous generators nor- 
mally calls for a flywheel effect in the rotating 

element of the generator. This effect is a function of the 
permissible speed regulation, horsepower rating, and speed. 
It is not the intention to go into the theory of hydraulic tur- 
bines and governors here, nor to examine the methods by 
which the turbine builder calculates flywheel effect require- 
ments. For discussions on that subject the reader is referred 
to literature expressly devoted to that subject.* 


Rather the purpose is to outline the different factors enter- 
ing into generator rotational inertia and to consider how this 
flywheel effect requires departures from normal generator 
construction. 


Simple equations determine inertia 

If generator rotors were designed only for the purpose of 
obtaining the necessary magnetic circuit in the spider rim 
and poles, utilizing the most suitable construction for the 
particular speed (and overspeed requirements), the average 
normal flywheel effect for standard 0.8 pf generators could be 
very closely approximated by the equation: 


yq 1.25 
fo wi — == (1) 


Rpm \* 
ES 
Where K — 0.69 for 13,800 volts 

0.64 for 6,900 volts 
0.60 for 2,500 volts and below. 
For example, for a 12,500 kva 720 rpm 13,800 volts 
generator the mean or average value of Wk" would be 
12,500!-*° x 0.69 
(720/ 1000 )* 


* Copies of “Hydraulic Turbine Handbook’’ by Arnold Pfau can be obtained by 
writing to the Electrical Review. 


= 176,000. 





97 





The average or mean values are used as the most practical 
for this purpose since the rate of change is not a perfectly 
smooth progression. For a given number of poles, the rotor 
diameter will change in steps rather than in a continuous 
progression with several ratings being built on each diameter. 
Thus each diameter rotor has its own set of Wk? values. 


Inertia constant 

ASA Standards C-42- 1941, American Standard Definitions 
of Electrical Terms, defines the inertia constant as the energy 
stored in the rotor of a machine when operating at rated 
speed expressed in kilowatt-seconds per kva rating of the 
machine 


0.231 x Wk? x n? x 104 





The inertia constant is H = = (2) 
Kva 
Where Wk? = moment of inertia in Ib-ft.”. 
n = speed in rpm. 


Combining equations (1) and (2) and transposing, we 
find that the inertia constant of generators with “normal” 


rotor construction is ae 
H 0.231 x Kval:*> xK 
= (3) 
Kva 
Hence, H varies with kva, voltage and power factor, but for 
any given kva, voltage and power factor it is practically con- 
stant, regardless of speed. 





Hydraulic regulating constant varies 

The hydraulic regulating constant is a value usually specified 

by the turbine builder. It varies with horsepower, speed and 

hydraulic conditions and is determined by the equation: 
800,000 x T 


Hydraulic Constant = —— (4) 


Where T — time in seconds required for gate closing. 
This will usually be on the order of two 
seconds for small units and decreasing to 
one and a half seconds for intermediate sizes 
and even one second for large units. This, 
however, depends on hydraulic conditions, 
such as intake (whether open flume, closed 
penstock, etc.). 

R= Percent regulation expressed as a decimal 
may be 0.30 to 0.40. 

The regulating constant may thus vary over wide limits, 
from four million, which is usually a minimum value, to ten 
million or more. The flywheel effect required is then deter- 
mined by the equation: 


Wk? — Hydraulic Constant x Hp 


()) 





Rpm* 
Where Hp = turbine horsepower. 


Overspeed requirements pose problem 

In the foregoing, the “normal” flywheel effect is predicated 
on an established industry practice that fixes the overspeed of 
standard hydraulic turbine-driven synchronous generators at 
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85 percent of normal speed for rated speeds of 360 rpm 
nd above and all ratings over 50,000 kva, and at 200 percent 
f rated speed for lower speeds up to 50,000 kva. This was 
lerived from the fact that the impulse-type turbine, which 
1S way speed of approximately 185 percent of normal, 
was generally used for high head, high speed units. The re- 
acti pe turbine, having a runaway speed of 165 percent 
) percent, was generally used for medium and low head, 

OW spé units 

Another deviation from standard practice comes up in con- 
sidering Kaplan adjustable-blade type turbine which may 
yave theoretical runaway speeds as high as 270 percent of 
rated speed. But as this type is confined to the low speed 
ield, the effect is not as difficult to meet as in the high speed 
lass 

However, progress in the art of turbine design has tended to 
push the reaction type into ever higher heads and speeds, 
particularly for large capacity units. This introduces serious 
problems in regard to both the flywheel effect and the over- 
speed if} Lic generat r 

It will be obvious that, in the case of a large high speed 
generator which is already designed for a peripheral speed 
corresponding to minimum conservative factors of safety at 


rated overspeed, any further requirement that the rotor with- 
stand higher overspeeds will necessitate a reduction in the rotor 
But this reduction in diameter is accompanied by 
a reduction in flywheel effect which is very nearly proportional 
to the increase in overspeed. For example, if such a high speed 
is required to withstand a top speed of 202 percent 
as against a normal overspeed of 185 percent of 
rmal, the increase in overspeed is 20 percent and the re- 
uction in rotor flywheel is very nearly the same percentage. 








In a properly designed generator, a reduction in rotor diam- 
eter is accompanied by a reduction in the output factor (kva 
er unit dimension), so that the active rotor length will in- 
greater proportion than the reduction in rotor 
liameter. Hence the length may become so great that the 
listance between bearing centers not only precludes adding 
urther Wk? in the form of a flywheel, but may even bring 
about a problem of mechanical stability. 
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(A) = INERTIA CONSTANT FOR “NORMAL” WK2 2400 VOLT GENERATORS 
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CONSTANT REQUIRED FOR VARIOUS VALUES OF HYDRAULIC 
REGULATING CONSTANT. 


Short-circuit ratio affects design 

Generators of standard design have a short-circuit ratio of 
1.0 for 0.8 pf. For the larger ratings the normal SCR is 1.1 
for 0.8 pf. For the larger ratings the normal SCR is 1.1 for 
0.9 pf and 1.25 for 1.0 pf. 

For a large percentage of installations, and particularly 
where some form of high speed excitation system is used, these 
standard short-circuit ratios are usually sufficient. How- 
ever, there are a considerable number of special cases where 
the requirements of higher than normal line-charging capacity 
or lower than normal direct-axis transient reactance will 
necessitate higher than normal values of SCR. An example 
of this are some of the Hoover dam generators which have a 
short-circuit ratio of more than double normal (2.7 at 1.0 pf). 

If it is assumed that the physical dimensions of the gener- 
ator increases as the square root of the SCR (an assumption 
which, although not very accurate, is close enough for this 
purpose), then the normal inherent flywheel effect will be 
approximately that of the equivalent rating. For example, a 
25,000-kva, 0.8-pf generator with an SC®. of 1.5 would have a 
normal flywheel effect approximately equal to the equivalent 


normal 1.0 SCR machine of 25,000 x ¥ 1.5 or 30,600 kva. 


Building in high inertia 

The data in Figure 1 is based on best modern hydraulic gen- 
erator practice and represents the relation of the inertia con- 
stant “H” for average normal values of rotor Wk? to that 
required for various values of hydraulic regulating constant. 
Line A is for the smaller 2,400-volt generators and line B for 
the larger 13,800-volt machines. While the values of normal 
Wk? shown do represent average conditions quite closely, 
they of course will be subject to some variations and should 
not be considered as determined by any standardization. 

It will be seen that in the case of 2,400-volt generators up 
to 3,000 kva, the normal rotor Wk? will not meet the inertia 
constant requirement corresponding to a minimum hydraulic 
regulating constant of 4,000,000. Note that the smaller rat- 
ings have the greater deficiencies. Conversely, in the larger 
13,800-volt generators, the inherent flywheel effect increases at 
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RELATION of inertia constant “H” for normal values of rotor Wk? to that required 


for various values of hydraulic regulating constant is shown in curves. 
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(Figure 1) 
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ROTOR WITH SOLID SPIDER built up of stacked heavy steel plates. 
Generator is rated 6,600 v., 6250 kva, 514 rpm. (Figure 2) 













such a rate that 10,000-kva units meet a regulating constant 
of 6,000,000 or more. 

Obviously, then, any inertia constant requirement which is 
above the line representing the inertia constant for normal 
Wk? must be met by special means. This may be by a flywheel 
furnished by the turbine builder in the case of small high 
speed units. But in all other cases it must be furnished 
through some form of mechanical modification of the gener- 
ator rotating element. The methods by which such modifica- 
tions are achieved is dependent upon a great many things, 
such as the kva, voltage, rated speed and overspeed, physical 
dimensions, etc. 

Because of the wide variations in the inherent character- 
istics required in the generator and in the turbine for different 
operating conditions, it is impossible to set up any definite 
lines of demarcation among the various types of rotating 
element construction. The following general classes, how- 
ever, indicate the more usual categories. 


1. Solid spider construction 


Solid spiders are generally used for all generators having 
speeds of 500 rpm and higher and in some cases for inter- 


WITH BALLAST RING of plate steel supported from the spider 
shown below. Unit is rated 625 kva, 225 rpm. (Figure 6) 











TEST STACKING OF LAMINATED RIM (above) is standard procedure 
when completed rotor is too large or heavy for shipment. Pole pieces are 
inserted in dovetails around circumference. (Figure 7) 


rpm vertical generator. Note brake ring on spider. (Figure 3) 


mediate ratings for speeds as low as 300 rpm. These spiders 
may utilize either laminated or boiler plate construction. 


With the spider solid, i.e., without axial openings, and the 
coil stickout for high speed machines proportionately long, 
the most practical way of obtaining the additional Wk? is by 
means of a separate plate steel flywheel. Small additional 
WK° is most readily obtained by lengthening the spider since 
it is simple, economical and does not increase overall length. 


For vertical generators, the stator yoke construction and 
the ventilating arrangement usually can be modified so that 
the flywheel can be accommodated within the machine and 
mounted directly on the shaft. For horizontal machines the 
flywheel arrangement will to some extent be dependent upon 
the generator rating and physical arrangement. With the 
smaller sizes the flywheel must, in most cases, be mounted 
between the generator and turbine coupling flanges. In the 
case of the larger pedestal bearing type units it may be neces- 
sary to couple a separate flywheel shaft to the generator shaft 
and introduce an extra bearing between generator and turbine, 
or in some cases it may be permissible to mount the wheel 
inside the outboard generator bearing pedestal. Figures 2, 












ROTOR WITH SOLID SPIDER and plate steel flywheel for 6,250 kva, 514 











an 


SOLID ROTOR WITH FLYWHEEL of plate steel mounted between turbine 
and generator rated 1,000 kva, 900 rpm. (Figure 4) 


various methods used to obtain the desired 


1 effect 


2. Fabricated steel spiders 


Fa ted plate steel spiders built up from weldments and 

are used for small and intermediate 
and low speeds. 

additional flywheel effect is required, the rim is 

Figure 5 shows a 

,250-kva 11214-rpm vertical gener- 


provide it. 


this type for a 


ROTOR WITH HEAVY ROLLED RIM for a 1,250 kva 11212 rpm generator. 
Rim is typical of maximum section that can be rolled. (Figure 5) 


ator which had a low enough peripheral rotor velocity so that 
bolted-on poles were used. 

There are, however, many cases where it is either impossible 
or uneconomical to get the additional flywheel effect needed 
by simply using a heavy rim and in such cases a ballast ring 
or a flywheel must be added. The ballast ring is preferable 
since it is supported from the rim and interferes less with 
normal ventilation and other shaft mounted parts. An ex- 
ample of this is the rotor shown in Figure 6 for a 625-kva 
225-rpm vertical generator. 


33,000 kva, 225 rpm horizontal generator with half 


the poles being fitted in place. One of the largest horizontal generators in the U. S., 
it was recently installed in a West coast hydraulic plant. (Figure 8) 








COMPLETE ROTOR with lly deep | ted rim for a 16,667 kva, 
164 rpm vertical generator is shown above. This type of construction is used 
where great rotating inertia is required. (Figure 9) 


3. Laminated spider construction 

In the case of large generators in the intermediate and lower 
speed range, requiring flywheel effect considerably above nor- 
mal, the use of rolled steel rim may be, and of solid boiler 
plate type will be, out of the question. With rolled rims, a 
point is reached where either a slab of suitable proportions is 
unavailable or it will have a thickness that is difficult if not 
impossible to hot roll. The solid plate type becomes imprac- 
tical because of its inherent uneconomical use of the steel 
plate and because the rotor weight becomes disproportionate 
calling for extreme thrust bearing and crane capacities. 

These limitations have led to the use of laminated rims, 
which permit the attaining of the highest flywheel effect 
commensurate with minimum weight. The rim is built up of 
accurately die-punched high tensile strength sheet steel of 
approximate one-eighth inch thickness. The laminations are 
staggered in stacking and held between heavy steel end plates 
by means of alloy steel through bolts having locked nuts on 
both ends. 

This construction has two distinct advantages: (1) The 
rim may be made any reasonable depth; (2) It produces a 
uniform rim resulting in a minimum of balancing problems. 
Practically all of the larger intermediate and low speed gener- 
ators installed in recent years have rotor spiders of this type. 
A number of typical ones are illustrated by Figures 7, 8, and 9 


Many factors affect system stability 
Not only generator flywheel effect, but also generator and 
system reactance and fault-clearing time, as well as the rotat- 
ing inertia of the load, are all important in determining sys- 
tem stability. There may be in some cases a tendency to 
overemphasize the benefits of a higher than normal flywheel 
effect, without giving due consideration to the restrictions it 
imposes on generator design. Since the problems become 
more serious on larger installations, careful thought should be 
given to the factors entering into the stability of any given 
system. Generator and system reactance and fault-clearing 
time should all be carefully investigated before any departure 
from normal flywheel effect is specified. 

In analyzing the system during fault conditions, it will be 
found that, for the duration of a properly relayed fault, the 
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CONTRAST WITH HIGH INERTIA ROTOR at left is the spider construction 
above, built for a 22,500 hp, 180 rpm vertical synchronous motor. No 
flywheel effect is provided in this design. (Figure 10) 


turbine governors do not have time to act and adjust the 
turbine input for the change in load. Thus the ability of the 
generators to remain in step during this interval is entirely 
1 function of the flywheel effect. However, in most stability 
studies, the flywheel effect of the generator unit alone is used 
to determine system stability. This obviously gives a pessi- 
mistic answer, since it disregards the flywheel effect of the 
rotating equipment in the load. In any thorough analysis, 
this factor must also be added to determine the true inertia 
constant of the system. 

It should also be pointed out that with the increase in relay 
and breaker operating speeds, and the advent of high speed 
reclosing circuit breakers, the generator flywheel effect has 
assumed less and less importance in the stability picture. . 

Since the ability of two generators to remain in synchronism 
for a fixed fault-clearing time is a direct function of their 
flywheel effect, it can be seen that, for the hypothetical case 
of zero fault-clearing time, the flywheel effect would not be 
a factor. The few cycle interval required by modern relays 
and switching equipment approaches this hypothetical limit. 
Thus, in all but the most unusual cases, careful investigation 
may show that it is uneconomical to specify additional fly- 
wheel effect in the generator rotating element in excess of that 
required for turbine speed regulation. For the extreme case 
where a generator serves a system load alone, enough flywheel 
effect is required in the rotor to permit the governor to regu- 
late the input to the turbine without undue speed change. 


It has been customary practice on hydraulic turbine units 
to calculate the speed rise both for full load rejection and for 
rejection of partial loads. Speed rise on full load rejection 
is of no importance, since the generator is built to operate at 
the full runaway speed of the turbine. Where the full load 
is rejected the unit is disconnected from the system and there 
is then no requirement for maintaining a uniform speed. 


It is generally impossible for the fractional load changes 
to approach a sizable percentage of the full load speed change 
unless the generator is cut off from the system and left with 
an isolated load. Even in this extreme case, it should be re- 
membered that, because of the rotating inertia of the load, the 
speed regulation will be better than the calculated value based 
on the generator flywheel effect alone. 
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3,800-volt vertical hydro- hydraulic turbine rated 35,000 hp at 100 rpm under 92-foot head. When 
to be installed at TVA‘s completed, station will have 18 hydraulic turbines in service. Partially 
nected to Francis running finished rotor is example of design where no extra flywheel effect is needed. 








C. J. TEASLEY * 
Switchgear Section 
Allis-Chalmers Mfg. Co. 
Milwaukee, Wis. 





Replacement air breakers increase inter- 
rupting capacity without the need of 
replacing entire switching installation. 


y Y TILITY AND PLANT engineers are faced with 
: the seemingly constant problem of economically 
A increasing substation and distribution system capac- 
ity to satisfy steadily rising industrial, commercial, and resi- 
dential demand for electric power. 


They have several alternatives at their disposal. Some- 
times the installation of a complete substation unit to serve a 
mew area may provide the answer; other times additional 
distribution circuits could be provided; transformer capacity 
could be increased; perhaps a new installation of metal-clad 
switchgear in existing stations may be the solution. But 
there are many instances where additions to existing facilities 
are either physically or economically out of the question, 
or both. 


A good example of prohibitive circumstances is that of a 
substation housed in a perfectly good building supplying a 
load in excess of the originally planned ultimate capacity. As 
the load increased, new transformer capacity was added, and 
the buses were extended with additional feeder breakers. Per- 
haps additional transformers were installed, until the short 
circuit capacity on the bus was much greater than the inter- 
rupting capacity of the original breakers. With the building 
already full of equipment, it might be very costly to expand 
space to house additional equipment needed to serve the load 
or to replace the overall installation with adequate switchgear. 


Another instance would be an industrial distribution center 
feeding a plant that had grown around it. With no space for 
additional feeder breakers or new switchgear, the old installa- 
tion has to make the best of it and hope that no serious diffi- 
culty will arise. 

These conditions constitute an ever-present hazard to per- 
sonnel and equipment. The danger of long, costly shutdowns 
of vital services is another concern that has to be considered 
under such inadequate and strained circumstances. 


Replacement breakers boost capacity 

Inadequate and crowded substations or distribution systems 
can be built up to meet sharply rising demands without resort 
to physically or economically prohibitive methods. The re- 
cently developed air magnetic draw-out circuit breaker re- 
placement units, built in ratings up to 4.76 kv, with 50,000-kva 


* Mr. Teasley is now employed by the U. S. Government in the Hawaiian Islands 
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NEW BLOOD For Old Switchgear 






up to and including 250,000-kva interrupting capacity, pro- 
vides the equipment necessary for increasing capacity with a 
minimum of expense. Physical design and improved operat- 
ing principles make utility and industrial distribution station 
modernization economically justifiable. 


Because their overall dimensions are small, it is possible to 
fit replacement circuit breakers in place of older and obsolete 
low capacity oil breakers. Frame-mounted breakers require 
room around them to facilitate normal maintenance and 
space must be provided for dropping the tank. With replace- 
ment units, this arrangement is unnecessary since draw-out 
circuit breakers are mobile and can be removed to a conven- 
ient inspection and test location, if desired. Normal front 


, aisle space, however, must be sufficient to draw circuit breakers 


out of the structure. 


When existing frame-mounted breakers, shown in Figure 1, 
are replaced with air magnetic draw-out circuit breakers (Fig- 
ure 2), existing bus work, current transformers, disconnect 
switches, and other equipment is salvaged. Cells can be left 
intact and pipe frame work left in -place. The only change 


REPLACEMENT SWITCHGEAR can be used to rehabilitate inadequate 
interrupting capacities without disturbing buses, disconnect switches, current 
transformers, and other apparatus. This 5-kv, 150-mva installation was 
accomplished without changing the station’s physical layout. 
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that has to be made is in circuit breakers, thus minimizing 
1 expense. Where no additional space is available, 
this would be the only answer short of rebuilding the entire 
Ste In many instances where additionally needed space 
le for new switchgear, it becomes an economic prob- 
em of justifying the cost of a new switchgear installation in 
iddition to scrapping existing equipment. 


ment units integrate design principles and advan- 








ages of modern switchgear. For instance, the breaker with 

relays, primary fingers, and secondary (control) 
plugging device is mounted on wheels. This complete mov- 
ble portion is identical to the one used in standard switch- 





gear. The elevating mechanism which raises the breaker into 


operating position, primary studs, plugging and grounding 





levices are also standard switchgear components. 
plug jumper and a wall-mounted test box are provided 
with the accessories. The plug jumper is used for testing the 
br the test position by completing the control con- 
ions while the primary connections are safely separated. 
[his | vides an easy means for testing the entire operating 


The test box can be located at a convenient working 
ote from the switchgear for checking the operation 
eaker mechanism. Maintenance is easier in the open 
he narrow confines of a switch cell or framework, 
ng checks at this location are more likely to spot 
ossible sources of trouble than if the breaker were fixed in an 





VKWard position 





v |—u= FRAME MOUNTED breakers can be 


L withdrawn and the same foundation 
: UI and pipework can be used for re- 
J a placement switchgear. (Figure 1) 














Fits a-c and d-c sources 

The application of replacement units is generally limited to 
the minimum cost modernization of existing stations. Mod- 
ernization becomes necessary when the available short circuit 
capacity of the system exceeds the breaker interrupting capac- 
ity. If an analysis of the system shows this to be true it may 
be good economics to replace the inadequate breakers before 
a severe fault results in excessive damages. It is also advisable 
to provide for easier maintenance both to save unnecessary 
labor and to encourage closer inspection. 

An inspection of the unit outline will determine whether 
the replacement breaker will fit the available space. Dimen- 
sions of the 100,000-kva, the 150,000-kva and the 250,000-kva 
units are shown on Figure 3. The aisle space shown is neces- 
sary to withdraw the breaker from the unit. 


Air magnetic draw-out circuit breaker replacement units 
are available for all standard a-c and d-c control voltages, per- 
mitting use of the existing control source. The control circuits 
may be wired directly to the fixed position plugging device. 
A two-pole magnetic breaker and a two-pole enclosed switch 
can be wired into the control circuit as required for protection 
and sectionalizing. The standard schematic diagram is shown 
in Figure 4. 

The control source should be able to furnish up to 100 
amperes at 125v d-c or 240v d-c for closing these breakers. 
In most cases this requirement will be well within the capacity 
of the existing source. If battery supply is used, it will also 


SIDE PLATE REMOVED 


© 





REPLACEMENT UNIT is shown in 


old breaker foundation 


permits maintenance and inspection 


a ++ 
emote locations. (Figure 2) & 
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SKETCHES ILLUSTRATE major component parts and 
dimensions of replacement switchgear. Less than five 
feet of space is required to permit withdrawal of 
breaker from framework. (Figure 3) 
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take care of the trip requirements. If a-c trip is desired the 
breakers can be furnished with suitable trip coils. 


The test location selected should provide room for easy 
access to all sides of the breaker, with the test box conveniently 
mounted on the wall. The control source should be wired to 
this box. (When a-c series or reactor trip is required, an a-c 
shunt trip coil is supplied for manual tripping. Its supply is 
connected to the test box.) In most cases the existing relay- 
ing equipment connections and settings remain unchanged. 
The number of auxiliary switches available should be sufficient 
for all applications (Figure 4). 


Range of uses widening 

Modernization and expansion plans are the rule rather than 
the exception today. Many utilities and industrial plants 
need increased capacity to provide dependable service at all 
times but cannot fully justify new stations. Because the new 
replacement breaker units provide an intermediate, less ex- 
pensive choice between depending on worn out, inadequate 
equipment and expensive replacement of entire stations, they 
promise to become an increasingly important consideration of 
all modernization and expansion plans. Replacement units 
should be considered whenever the problem of increasing loads 
is encountered. 


There are also certain special applications of circuit breakers 
where air magnetic draw-out breaker replacement units would 
be an improvement over previously available equipment. Port- 
able substations for utilities, mines, etc., or other installations 
where space is limited, can now be provided with the advan- 
tages of draw-out breaker construction where previously only 
frame-mounted breakers could be applied. 


Underground installations where space limitations are critical 
can use draw-out equipment to advantage in avoiding mainte- 
mance in restricted space. The breakers can be withdrawn 
easily and taken to a shop for maintenance and inspection. 
Other applications will undoubtedly arise where standard 
metal-clad switchgear cannot be applied. 
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SCHEMATIC DIAGRAM of circuit breaker control shows typical contro! 
scheme of replacement circuit breaker. Usually, existing relays, connections 
and settings remain unchanged when new breakers are used. (Figure 4) 
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New Products 


Redesigned Outdoor Switchgear Offers Greater 
Weather Protection, Safety and Space 


Outdoor high voltage metal-clad switchgear has been redesigned 
to provide additional protection against weather, improved per- 
sonnel safety and in- 
creased space for aux- 
iliary equipment. The 
new -design is adapt- 
able to many more ap- 
plications than older 
equipment because a 
wider variety of cir- 
cuit arrangements is 
possible in a standard 
circuit breaker unit. 

Space is available 
above the main bus 
compartment for 15- 
kv drawout potential 
transformers or a 10- 
kva drawout control transformer. A transfer bus and disconnect 
switch or lightning arresters can be mounted in this space, if 

desirable. Additional units are often unnecessary because ade- 
quate space is provided for auxiliary equipment greatly reducing 
space requirements and, consequently, foundation and installa- 
tion costs. 

Greater personnel safety is afforded by a full- length bolted-on 
steel barrier placed between the circuit breaker and instrument 
panel compartments. An oversize hinged instrument panel 
provides more space for instruments, relays and switches. 

Welded-in steel plates form a sturdy floor for circuit breakers 
and protect equipment from rodents and other small animals. 
Overhanging eaves prevent driving rain and sleet from getting 
into the housing. Copper mesh filters behind louvres keep out 
dust, dirt and insects without hindering air circulation. Space 
heaters eliminate moisture condensation, a frequent cause of 
insulation failure. 








New Distribution Transformers Are 
Self-Protected Against Any Fault Condition 


A new line of self-protected distribution transformers for urban 
and rural use is now available in ratings of 100-kva and smaller, 
in voltages of 14.4-kv 
and lower, single phase. 

Transformers are self- 
protected against all 
faults due to lightning, 
surges, short circuits, 
and harmful overloads. 
Units have lightning ar- 
resters and built-in sec- 
ondary circuit breaker, 
utilizing current and oil 
temperature for protec- 
tion. An emergency con- 
trol handle permits im- 
mediate restoration of 
service during tempo- 
rary overloads so that 
breaker will carry great- 
er overloads for longer 
periods of time. Pro- 
tective links in series 
with the high voltage 
line leads provide pro- 
tection against feeder lockouts in the event of short circuits 
within the transformer. 

The ACP transformer is a completely packaged unit, easy 
and quick to install. A red signal light indicates when the trans- 
former enters maximum safe operating band, and remains lit 
to provide visual load check. Either expulsion or valve type 
lightning arresters are provided for high voltage winding pro- 
tection. A chuck type high voltage bushing terminal for protec- 
tion against exposed live parts is included in the 2,400-volt class. 

rae ge 
MORE FACTS about new equipment listed here can be 
obtained by writing the Allis-Chalmers ELECTRICAL REVIEW, 
Milu aukee 1, Wisconsin. 
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MEAN SAVINGS 


LOW VOLTAGE BREAKER, internal- 
ly mounted, protects against all second- 
ary overloads and short circuits. 





TANK DISCHARGE GAP provides 
path for surges on units where un- 
grounded tank practice is used. 


LIGHTNING ARRESTERS, either 
expulsion or valve type, assure com- 
plete high voltage surge protection. 


; 
i 
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LOW VOLTAGE NEUTRAL GAP 
provides surge protection for LV wind- 
ing. Can easily be replaced with ground strap. 






\CP* FEATURES. 
TO YOU! 





CHUCK TYPE CONNECTORS elim- 
inate all exposed live parts. To make 
connection, simply insert lead, rotate housing. 











SIGNAL LIGHT, HOOKSTICK RE- 
SET and emergency service restoration 
lever are mounted in one compact assembly. 


Simplified Installation . .. Fewer Outages ... Visual Load Checks 
Mean Money Saved on ACP Transformers with Premium Protection 


ACP TRANSFORMERS PAY THEIR OWN 
wAy from the moment installation starts. 
They're economical to install because 
transformer and protective components 
are completely packaged in one easy- 
to-install unit. No assembling or ad- 
justing in the field. 


FEWER OUTAGES, INCREASED CAPACITY 


Once they're up, ACP transformers stay 
on the line longer than conventional 
units. Secondary breaker, actuated by 
oil temperature or excess current, is 
closely coordinated with thermal char- 
acteristics of the transformer it protects. 
Result: short time overload transformer 


ALLIS-CHALMER 


capacity is fully utilized . . . the num- 
ber of outages reduced. 


KEEP TAB ON SYSTEM LOADING 


You also eliminate expensive load checks 
requiring time and special equipment. 
On ACP transformers 5 kva and up, 
signal light does the job for you — 
provides simple, continuous check. 
Want more details? NEW ACP 
transformer bulletin 61B7309A is off 
the press! Call your nearby A-C district 
_ office for your copy. A-3004 


Allis-Chalmers, 848-A S. 7Oth St. 
Milwaukee, Wisconsin 
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Increase Revenue by 
Correcting Rural Voltage 


ANNEX 


Look at the Extra Revenue You Get 


# % OF WORMAL VOLTAGE 


Bens CHART SHOWS the energy con- 
sumption for incandescent lamps 
at varying voltages . . . illustrates the 
increase in revenue you can get by pro- 
viding correct voltage at all times. 

But boosting voltage is just one part 
of the job of correcting the rural low 
voltage problem. 

For the first time, a small, econom- 
ical unit for regulating (not just boost- 
ing) rural voltage is available. 


Allis-Chalmers new pole type volt- 


ALLIS-CHALMERS 


_ 


age regulator is a fully automatic 4% 


step unit...has a 20% range of regu- 
lation and holds = 1 volt band. Rating 
is 10.8 kva, 15 amp, 7200 v, + 10% 
regulation. Three years of field tests 
have proved its reliability. 

In addition, easy maintenance — easy 
mounting — simple control are pro- 
vided . . . Contact life is long. Quick- 
break mechanism minimizes arcing and 
pitting. Small %9% steps mean contacts 
interrupt smaller kva — last longer. 
Unit is mounted on pole as easily as 
distribution transformer . . . Control 
requires just two simple knob adjust- 
ments to set. 

Ask an A-C engineer to determine 
the best means of improving voltage 
conditions on your rural system using 
voltage regulators. Contact a nearby A-C 
district office or send in the coupon. 


Pioneers in Load Ratio Control — Originators of */s°% Step Regulation 


as) 


Allis-Chalmers, 848-A S. 70th St. 


Milwaukee, Wisconsin 


.] Send me descriptive bulletin 6424, plus 
“When and Where to Apply Rural Volt- 


age Regulators’ 


Name 


Title 


Company 


Street 


bulletin 6409. 
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